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Indian Standard
SPECIFICATION FOR PHASE OFFSET METHOD FOR MEASUREMENT OF MOTIONAL CAPACITANCE OF QUARTZ CRYSTAL UNITS
0. POREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution on 15 January 1981, after the draft finalized by the Piezoelectric Devices for Frequency Control and Selection Sectional Committee had been approved by the Electronics and Telecommunication Division Council. 0.2 The object of this standard is to describe phase ofLet method for the measurement of motional capacitance of quartz crystal units from 1 to 125 MHz. A total error of the order of 5 percent is possible in the measurement by using this method. 0.3 The advantage of this method is that there is no need to use any additional elements or instruments, which cc;uld be a source of addiiional error except for the measuring circuit suggested by IS : 7957-1976*. assistance has been derived from 0.4 While preparing this standard, ` IEC Dot: ( Central Office ) 111 Phase offset method for measurement of motional capacitance of quartz crystal units ' issued by International Electrotechnical Commission. 0.5 For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with IS : 219607. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard. 1. SCOPE 1.1 This standard specifies phase offset method for the measurement of A total motional capacitance of quartz cIysta1 units from 1 to 125 MHz. error of measurement of the order of 5 percent is possible by the use of this method.
*Basic resistance ti<ules
method for the measurement of resonance frequency ard equivalent of qllartz crystal units by zero phase technique in a x-nelwolk. . for rounding off numerical values ( revised).

series
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fS t 9728 - 1981 2. TERMINOLOGY 2.0 For the purpose of this IS : 1885 ( Part XLIV)-1978* 3. PRINCIPLE standard, definitions shall apply. of terms given in

OF MEASUREMENT

3.1 The method is based on the phase measurement in the vicinity of and The value of the motional capacitance at the series resonance frequency. [see Fig. 1 and Appendix A] is calculated from the measured values of series resonance frequency, two frequencies lying on either sides of the impedance curve with a given phase difference equal in magnitude and opposite in sign and the equivalent resistance.

co

FIG. 1

EQUIVALENT CIRCUIT OF QUARTZ CRYSTAL UNIT

3.2 The series resonance frequency and measured as given i.n 6 of IS : 7957-19767. 4. MEASURING CIRCUIT

the

equivalent

resistance

are

4.1 The measuring circuit consists basically of a x-network connected with coaxial cables to the associated measuring equipment ( see Fig. `2 ). *Electrotechnical vocabulary: Part XLlV Piezoelectric devices. tBasic method for the measurement of resonance frequency and
resistance of quartz crystal units by zero phase technique in a x-network.

equivalent

series
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IS:9728-1981 The associated measuring equipment are as follows:

a) Frequency b) Attenuator, d) Phase

synthesizer,

c) Power splitter. meter, and e) 50 L! resistors.

-NOTE- The 30 dB attenuator phase and vo!tage meter. in Channel A may be desirable with certain

FIG. 2

MEASURING CIRCUIT DIAGRAM
equipment shall meet all

4.2 The x-network and the associated measuring the requirements given in 5 of IS : 7957-1976*. 5. METHOD 5.1 Initial 1976*. OF MEASUREMENT is carried out in accordance the

calibration

with

6.1 of IS : 7957resistance RI

5.2 The series resonance frequency fs and of the crystal unit under test are measured.

equivalent

5.3 The frequency synthesizer is adjusted at the frequency f 1 lower than the series resonance frequency f s and then at the frequency f 2 which is higher than f *. At frequencies f 1and f 2 the phase shifts are equal in magnitude, but opposite in sign. (see Fig. 3 ).
*Basic resistance method for the measurement of resonance frequency and equivalent of quartz crystal umts by zero phase technique in a x-network. series
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FIG. 3

PHASE AND

IMPEDANCECHARACTERISTICS OF A QUARTZ CRYSTAL UNIT AROUND RESONANCE

5.4 The measured values off *,fi, and (2) for calculation of motional

f2

and RI are used in the capacitance:

formulae

(1)

...

(1)

R elf = 25 + RI
In the case when the phase angle culating Ci is: Y = f 45" the formula for cal.,.

- fl., Cl - 2 fi = Reiif 5 6. MEASUREMENT ERROR

(2)

The main source 6.1 There are several sources of measurement errors. of error is the error in the measurement of equivalent resistance RI. The relative error for the value of motional capacitance is: 1 ( Cl > R1-6R1

RI + 25

6.2 For the value M $ 20 and the magnitude of error as a function of the measured value of equivalent resistance and the relative error of resistance measurement is given in a diagram ( see Fig. 4 ), The error in
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IS : 9728 - 1981 phase phase signs. measurement, at the frequencies fl and fz giving offset ( absolute value ), is highest when these errors The error is: an equivalent have opposite
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DEVIATION OF Cl AS A FUNCTIONOF RI I;OR VARIOUSERROR CONDITIONS

6.3 The value of A Y is the mean algebraic values of phase frequencies fi and fataking into account the error sign. For when `P equals 45" the error is:

errors on the case

6.4 In Fig. 5 the relative measurement for different phase angle values, is given.

error

of motional

capacitance,
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FIG. 5

DEVIATION OF Ci AS A FUNCTION OF MEASURED PHASE ANGLE ERROR AND DIFFERENT PHASE ANGLES capacitance C, and

6.5 Error which results from the presence of shunt for different phase offsets is given by the formula: 2 l+--&-+ and is dispIayed 7. OTHER in Fig. 6. $ tanY+

1-m-x

4

4

tan Y

MEASURING

METHODS

methods of measurement, such as the series capacitance method specified in IS : 7962-1975*, may be used. The method specified in IS : 7962.1975" can also be used with the zero phase technique specified in IS : 7957-1976t, provided that particular care is taken with regard to the construction of and methods of insertion of the capacitance into the n-network. ~~~~ ~~~~-*Methods of measrlrement for piezoeIectric vibrators operating over the frequency range up to 30 MHZ. tBasic method for the measurement of resonance frrquency and equivalent series resistance of quartz crystal units by zero phase technique in a x-nttwork.

7.1 Other
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FIG. 6

EFFECT OF SHUNT CAPACITANCE Co ON THE MEASUREMENT ACCURACY OF C1 Versus MEASURING PHASE ANGLE In cases should be

7.2 These precautions especially apply at higher frequencies. of doubt. the chase offset method as defined in this standard used as a refeience method.

APPENDIX ( Clause 3.1)
CALCULATION A-l. OF MOTIONAL

A

CAPACITANCE

Quartz crystal units can be represented by an equivalent circuit the shown in Fig. 1. In the vicinity of the series resonance frequency, influence of shunt capacitance Co can be disregarded. NWCE - For more precise measurements Co would have to be included. The influence of Co can be assessed by examining the Figure of Merit M = Q/r (see IS : 7962-1975* ). Figure 6 shows the relationship between phase angle offset, the Figure of Merit and the error in the measurement of Cl to be expected. range up to 30 MHz.
*Methods of measurement for piezoclectric vibrators operating

over the frequency
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IS : 9728 r 1981 A-2. The equation I,?\ for the impedance is:

e%zRl+j

+--&)=~ c
1 2 1 cos Y + j 1 z / sin Y (2) yields: parts of equation ] cos Y =

...

(1)

>
= Equalizing RI = WLl -

. . . . . . (2)

real and imaginary 12 1 UC1

. . . . . . (3) sin Y

171

Substitution of frequencies (3) yields the following equations: a) f

f I,f 2and

f 8 ( see Fig. 2 ) in equation

=fi;
I 2 1 cos

fl<f&
I Y I 1

-9O"<Y<O . . . . . . (4)

RI =

2nf1L1b) f =fe;
Rl = 2xfzLIc) f =fs; Rl= 2rfsL1From equations in the form: 2 xf1L12 IzI

2 Zfl Cl =

Ia

sin [ r l
90" > Y > 0 . . . . . . (5)

fz > fs;
J 2 J cos Y 1 ____ = 2nfz Cl 1z 1 sin Y

Y = 0 . . . . . . (6) 2?rj& =o to obtain equations

(3), (4), (5) and (6) it is possible
1

2Xfi Cl
1

=

Rl tan Y Rz tan Y

. . . . . . (7) . . . . . . (8)

xfJ.1 - xfz

=
10

Cl becomes:

Solving equations (7) and (8), the equation for motional capacitance

c, =
25a,

1 2rR1tanY

.fi * -fx

-f1

. . . . . . (9) and is loaded with

As the crystal unit is measured in a n-network one obtains: 1 Cl = 27r (RI + 25)

Approximating:
fl

l f2

=f2*

cl%

cot Y
274RI+m '

f'f- 33 fi.

. . .. . .

(10)
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